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LOGIC AND EQUATIONS FOR RTCC COMPUTATION OF 

LUNAR LANDING DESCENT TRAJECTORY 

By Edwin G.  Dupnick 

SUMMARY 

This report  defines the Real-Time Computer Complex ( R T C C )  log ic  
required t o  simulate t h e  powered lunar landing descent t r a j e c t o r y  and 
supersedes reference 1 due t o  changes i n  reference 2. The equations 
provided i n  t h i s  document should produce an acce lera t ion  p r o f i l e  t h a t  
w i l l  match t h e  one produced by the onboard equations.  Flow c h a r t s ,  
symbol glossary,  and req-tiired input parameters and values ( i f  ava i l ab le )  
are presented. 

DESCRIPTION OF DESCENT PHASES 

Although t h e  powered descent maneuver i s  one long continuous burn 
(about 12 minutes) , it can be divided i n t o  f i v e  operat ional  phases 
with i t s  own steering-guidance log ic  and associated t a r g e t s .  The following 
t a b l e  shows t h e  per t inent  information f o r  each phase. 

each 

Phase 
no. 

Phase 
name 

Required s t ee r ing  Required t a r g e t s  a 

- - - -  
-2 Preigni t ion Quadratic RDGo, VDGo, ADGOY JDGb 

-1 Ullage and Atti tude hold None 
t r i m  

---- 
0 

0 Braking Quadrati  c RDGoy VDGo, ADGO, J D G  
( l i n e a r  last 
20 sec)  

1 Approach Quadrati  c 
( l i n e a r  las t  
10 sec)  

- --- 
RDG1, VDGl, ADGl, JDGl 

- 
Velocity following VDG2 2 Vert i c a1 

des cent 

%e subscr ip ts  are used only t o  ind ica te  t h r e e  d i s t i n c t  t a r g e t  s e t s .  . 
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All t a rge t s  a re  t o  be achieved i n  t h e  guidance coordinate system 
(GCS) and are defined as follows: 
- 
RDG = desired terminal radius vec tor  
- 
VDG = desired terminal ve loc i ty  vector 
- 
ADG = desired terminal acce lera t ion  vec tor  

J D G  = desired terminal j e r k  ( f i r s t  time der iva t ive  of acce le ra t ion )  
vector 

The ac tua l  t a r g e t  values a re  contained i n  t a b l e  I1 and taken from 
reference 3. 

Pre igni t ion  

The f i r s t  phase (phase-21, p re ign i t ion  phase, determines t h e  t i m e  
t o  begin ullage and t h e  unit t h r u s t  vector d i r ec t ion  t o  be maintained 
throughout the ullage and t r i m  phase. Ullage i n i t i a t i o n  t i m e  i s  deter-  
mined ( ac tua l ly  braking phase i n i t i a t i o n  t ime)  s o  t h a t  t h e  down range 
component of t h e  LM pos i t ion  w i l l  be equal t o  a prese lec ted  i g n i t i o n  
value reg lec t ing  t h e  u l lage  and t r i m  phase th rus t ing .  This value has 
been se l ec t ed  so  t h a t  t he  descent propulsion system (DPS) w i l l  t h r o t t l e  
down and t h r o t t l e  cont ro l  w i l l  be regained about 118 seconds p r i o r  t o  
braking phase termination. Correction terms a re  included t o  account 
f o r  deviations i n  spacecraft  a l t i t u d e ,  speed, and lunar  landing s i t e  
out-of-plane distance following t h e  descent o r b i t  i n j e c t i o n  (DOI) 
maneuver. 

The pre igni t ion  phase (flow cha r t  I )  can be simulated by t h e  following 
s t eps .  

In t eg ra t e  the  spacecraft t r a j e c t o r y  i n  f r e e  f l i g h t  ahead t o  t h e  
pred ic ted  time of braking phase i n i t i a t i o n .  I f  t h e  so lu t ion  t o  t h e  
p re ign i t ion  computation rout ine  i s  considered t o  be unsa t i s f ac to ry ,  a 
new s t a t e  vector i s  requested by spec i fy ing  a new predic ted  braking 
phase i n i t i a t i o n  time. Upon determining a successfu l  s o l u t i o n ,  t h e  s t a t e  
vector should be returned t o  t h e  o r i g i n a l  conditions or t o  some a r b i t r a r y  
time not l e s s  than 2 seconds p r i o r  t o  t h e  solved time. 
should then be propagated ahead t o  t h e  next phase, t h e  u l lage  and t r i m ,  
and proper i n i t i a l i z a t i o n  w i l l  occur. 

The t r a j e c t o r y  

d 

”.’ 
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Ullage and T r i m  Phase 

c 

The u l lage  and t r i m  phase (phase-1) i s  required t o  s e t t l e  t h e  DPS 
propel lants  fo r  main engine ign i t ion  and t o  minimize the  a t t i t u d e  t r a n s i e n t s  
at t h r o t t l e  up respec t ive ly .  
during t h i s  phase i n  a d i rec t ion  computed during the  p re ign i t ion  phase. 
However, t h e  magnitude changes at t h e  end of u l lage  when t h e  DPS engine 
i g n i t e s  t o  begin the  t r i m  phase. 

The un i t  t h r u s t  vector  i s  i n e r t i a l l y  f ixed  

Braking Phase 

The braking phase (phase 0 )  reduces the  spacecraft r e l a t i v e  ve loc i ty  
and lowers t h e  a l t i t u d e  s o  t h a t  v i sua l  evaluat ion of t h e  landing s i t e  
can be s t a r t e d .  Quadratic guidance i s  used throughout t he  phase except 
f o r  t h e  last  20 seconds, during which l i n e a r  guidance i s  employed. Nor- 
mally f o r  most of  t h i s  phase quadratic guidance commands a t h r u s t  magnitude 
g r e a t e r  than approximately 6 3  percent of DPS m a x i m u m  design t h r u s t  
(10 500 l b )  and t h e  DPS engine i s  he ld  at t h e  f ixed  t h r o t t l e  po in t  (FTP) 
(corresponds t o  about 93% of maximum). When the  commanded t h r u s t  f a l l s  
below 57 percent ,  t h r o t t l e  control  is  regained and t h e  DPS i s  t h r o t t l e d  
t o  follow the  commanded leve l .  
FTP), u n t i l  t h e  commanded t h r u s t  exceeds 6 3  percent of m a x i m u m  and not 
t h r o t t l e  down ( t o  whatever i s  commanded), u n t i l  l e s s  than 57 percent 
maximum t h r u s t  i s  commanded. 
p a r t  of t h e  DPS t h r o t t l e  control  log ic .  The engine should nominally 
t h r o t t l e  down i n  t h i s  phase a t  TGO equal  t o  approximately 118 seconds 
and remain i n  t h e  t h r o t t l e a b l e  region throughout t h e  remainder of powered 
descent. If , however , t h e  commanded t h r u s t  l e v e l  should be g r e a t e r  than 
6 3  percent ,  t he  DPS is  again brought t o  t h e  FTP l e v e l  and he ld  u n t i l  t h e  
commanded t h r u s t  once more returns  t o  the  t h r o t t l e a b l e  region. This i s  
r e fe r r ed  t o  as a pulse  out.  During t h e  last  30 seconds of t h e  braking 
phase and t h e  last 10 seconds of t he  v i s i b i l i t y  phase, no DPS pulse  outs 
are permitted.  That i s  , should the commanded t h r u s t  l e v e l  exceed 6 3 % ,  
t h e  t h r u s t  l e v e l  i s  s e t  t o  63% instead of FTP. The spacecraf t  i s  always 
s t ee red  along t h e  commanded th rus t  d i r ec t ion  regardless  of t h e  t h r u s t  
l e v e l  t he  t h r o t t l e  rout ine i s  d ic ta t ing .  

Thus t h e  DPS w i l l  not t h r o t t l e  up ( t o  

This hys t e re s i s  loop (57-63%) is  an i n t e g r a l  

Approach Phase 

For t h e  nominal case the  approach phase (phase 1) allows a v i s u a l  
assessment of crew sa fe ty  and of  the planned landing area .  As i n  t h e  
braking phase, quadrat ic  guidance controls  most of  t h i s  phase and l i n e a r  
guidance i s  used during t h e  l as t  ten seconds. 
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Ver t i ca l  Des cent Phase 

The v e r t i c a l  descent phase (phase 2 )  i s  used t o  lower t h e  spacecraf t  
at a spec i f ied  r a t e  from about 75 f e e t  above t h e  lunar  sur face  using t h e  
velocity-following guidance. This r a t e  i s  maintained u n t i l  t h e  spacecraft  
cen ter  of grav i ty  i s  about 15  f e e t  above t h e  su r face ,  a t  which time t h e  
LM landing gear pads should touch t h e  lunar  sur face  and t h e  powered landing 
guidance log ic  i s  completed. 

COORDINATE SYSTEMS 

Only t w o  coordinate systems are required s ince  poin t  mass equations 
a re  considered. The spacecraf t  s t a t e  vector i s  maintained i n  t h e  P la t -  
form Coordinate System (PCS) and t h e  GCS i s  used t o  ca l cu la t e  t h e  t h r u s t  
and a t t i t u d e  commands. 

The PCS i s  a right-handed orthogonal coordinate system, with i t s  
o r ig in  at t h e  center  o f t h e  moon. The X-axis p ie rces  t h e  nominal landing 
s i t e  at t h e  nominal landing time. The Z-axis i s  i n  t h e  CSM o r b i t  plane and 
poin ts  i n  the d i r ec t ion  of CSM t r a v e l  at t h e  nominal landing time. The 
Y-axis completes t h e  system. 

The GCS i s  a l s o  a right-handed orthogonal coordinate system. I ts  
o r ig in  i s  at t h e  current landing s i t e  and the re fo re  t h e  system must be 
continually updated due t o  lunar  ro t a t ion .  However, updating i s  bypassed 
during l i n e a r  guidance ( t h e  last 20 seconds of braking phase and t h e  las t  
10  seconds of approach phase) and during t h e  v e r t i c a l  descent. 
i s  upward along t h e  current lunar  landing s i t e  radius vector.  The Y-axis 
i s  or ien ted  such t h a t  t he  LM r ad ius ,  ve loc i ty ,  acce le ra t ion ,  and j e rk  
vectors a re  all coplanar ( i n  t h e  X-Z p lane)  when t h e  spacecraf t  achieves 
all t he  current t a r g e t s  or a i m  conditions. The Y - a x i s  forms a un i t  normal 
t o  t h e  plane defined by t h e  LM radius vector and t h e  luna r  landing s i t e  
at phase termination. The Z-axis completes the  system. 

The X-axis 

The spacecraft  t a r g e t s  a re  defined i n  terms of  t h e  GCS and are 
inva r i an t  i n  t h e  system. However, they a re  not i nva r i an t  i n  i n e r t i a l  
space s ince  t h e  r e l a t ionsh ip  between t h e  GCS and t h e  PCS cont inua l ly  changes 
as t h e  landing s i t e  r o t a t e s  and changes i t s  pos i t i on  i n  i n e r t i a l  space. 

A t h i r d  coordinate system, t h e  spacecraft  body system (SBS), i s  
introduced b r i e f l y  i n  t h e  p re ign i t ion  computation rout ine .  It i s  a 
right-handed orthogonal coordinate system coincident with t h e  LM’s 
navigational base system and i s  used t o  define t h e  p re th rus t  alignment 
of t h e  spacecraft .  Since it i s  understood t h a t  t h e  RTCC w i l l  not compute 
gimbal angles during t h e  powered landing burn,  t h e  SBS need not be used 
i n  any other computations. 
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ENGINE MODEL 

The t h r o t t l e  command routine ‘modifies guidance-commanded t h r u s t  t o  
account fo r  engine cons t ra in ts .  This l pg ic  provides t h e  proper t h r u s t  
appl ica t ion  which i s  not necessar i ly  t h e  t h r u s t  commanded by t h e  guidance. 
The engine model port ion of the  t h r o t t l e  command rout ine provides fill 
t h r u s t  as a l i n e a r  function of t i m e  t h a t  t h e  DPS has operated at the  
high t h r u s t  s e t t i n g  ( r e f .  4 ) .  Speci f ic  impulse i s  also provided as a 
l i n e a r  flmction of time under high t h r u s t .  
being t h r o t t l e d  (commanded th rus t  i s  l e s s  than 57 percent of m a x i m u m )  
t h e  achieved t h r u s t  i s  equal t o  t h a t  which i s  commanded, and t h e  s p e c i f i c  
impulse i s  obtained from a third-order polynominal. These equations w i l l  
c lose ly  approximate DPS engine t e s t  r e s u l t s  and thus provide r e a l i s t i c  
th rus t  and weight h i s t o r i e s  i n  t h e  simulation of t h e  powered landing 
maneuver. 

However, when t h e  engine i s  

All t h e  symbols used i n  the flow char t s  a re  l i s t e d  and defined 
i n  table I. The required inputs a r e  l i s t e d  i n  t a b l e  11. For ease 
of assembly all required inputs can be grouped i n t o  f ive  categories:  
s t a t e  vector  input ,  t a rge t ing  input ,  i g n i t i o n  computation input  and 
performance data input .  
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Symbol 
- 
ACG 

- 
ACP 

AFC 

AFCP 

DELISP 

DELTGO 

DELTHR 

DTC 

DTTT 

FC 

FCTH 

TABLE I.- SYMBOLS FOR POWERED LANDING 

GUIDANCE FLOW CHARTS 

Defini t ion 

Commanded acce lera t ion  vector defined i n  t h e  guidance 
coordinate system (GCS) including the  lunar  gravi ta-  
t i o n a l  accelerat ion vector.  

Commanded acce lera t ion  vector  defined i n  t h e  platform 
coordinate system (PCS) including the  lunar  grav i ta -  
t i o n a l  acce lera t ion  vector .  

Desired current  phase terminal  acce lera t ion  vector t o  
be achieved i n  the  GCS. 

Magnitude of commanded acce lera t ion  excluding lunar  
gravi ty  acce lera t ion .  

Commanded acce lera t ion  vector i n  t h e  PCS excluding 
the  lunar  grav i ty  acce lera t ion  vector .  

Change i n  s p e c i f i c  impulse with respect  t o  time from 
braking phase i n i t i a t i o n  , of t h e  descent propulsion 
system (DPS) due t o  an eroding engine nozzle. 
Constant , required input .  

Change i n  time-to-go ( T G O )  necessary t o  sat isf 'y  desired 
terminal  conditions due t o  advancement of t h e  space- 
c r a f t  t r a j ec to ry .  

Change i n  ac tua l  t h r u s t  with respect  t o  time from 
braking phase i n i t i a t i o n ,  for t h e  DPS due t o  an 
eroding engine nozzle. Constant , required input .  

Cri ter ion value f o r  TGO i t e r a t i o n  used t o  t e s t  f o r  
s a t i s f a c t o r y  convergence. 

Computed change i n  predicted braking phase i n i t i a t i o n  
time as computed by t h e  pre igni t ion  computation 
rout ine . 

Thrust commanded by t h e  guidance equations , unf i l t e r ed  
by t h e  t h r o t t l e  command rout ine .  

Actual t h r u s t  t o  be achieved by the  DPS as determined 
by the  t h r o t t l e  command rout ine .  Commanded t h r u s t  
af'ter f i l t e r i n g  FC through t h e  t h r o t t l e  command rout ine .  
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Symbol 

FLAG 

FLTH 

GFLAG 

- 
GMP 

GOE 

J 

TABLE I.- SYMBOLS FOR POWERED LANDING 

GUIDANCE FLOW CHARTS - Continued 

De f i n i t  ion 

A flag word used iil a i m  point rou t ine  t o  monitor TGO 
f o r  proper s e l ec t ion  of t a r g e t s .  

0 pre igni t ion  

1 ta rge t s  w i l l  be changed or a phase ended or both 

2 braking phase, l i n e a r  guidance i n i t i l i z a t i o n  

3 v i s i b i l i t y  phase, l i n e a r  guidance i n i t i l i z a t i o n  

Thro t t l e  boundary f l a g  word used mainly t o  determine 
whether t h e  DPS i s  t o  be operated i n  t h e  t h r o t t a b l e  
or m a x i m u m  t h r o t t l e  s e t t i n g .  

A flagword used i n  t h r u s t  acce le ra t ion  computation 
t o  s e l e c t  the appropriate type of s t e e r i n g  l o g i c  
t o  be used. 

1 l inea r  guidance 

2 quadratic guidance 

3 velocity-following 

4 constant a t t i t u d e  

The g rav i t a t iona l  acce lera t ion  vector of t h e  moon 
defined i n  terms of t h e  PCS at t h e  spacecraft. 

Magnitude of g r a v i t a t i o n a l  acce lera t ion  vec tor  on 
e a r t h ' s  surface.  Constant, requi red  input .  

Index used i n  t h e  a i m  point rou t ine  for rout ing  t o  
t a r g e t  conditions for appropriate descent guidance 
phases. 

1 pre igni t ion  

2 ullage and t r i m  

3 braking 
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I &N 

Symbol 

- 
J D G  

- 
LP 

LPM 

NN 

PHASE 

- 
RDG 

- 
RG 

TABLE I.- SYMBOLS FY)R POWERED LANDING 

GUIDANCE FLOW CHAIiTS - Continued 

Defini t ion 

4 v i s i b i l i t y  

5 v e r t i c a l  descent 

Desired current  phase terminal  j e r k  ( f i r s t - t ime  
der iva t ive  of acce lera t ion)  t o  be achieved i n  t h e  
GCS . 

Posi t ion vector of t he  current  desired lunar  land s i t e  
defined i n  terms of t he  PCS. 

Vector magnitude of t h e  current  des i red  lunar landing 
s i t e .  

Counter used i n  t h e  TGO computation t o  determine a 
nonconvergent TGO s i t u a t i o n .  

Flagword used t o  i d e n t i 0  t h e  various phases of t he  
des cent t ra j  e c t  ory 

-2 pre igni t ion  

-1 ullage and t r i m  

0 braking 

1 approach 

2 v e r t i c a l  descent 

Igni t ion  t e s t  quant i ty  used t o  s t a r t  t h e  powered 
braking phase when t h e  downrange component of vehicle  
pos i t ion  i s  equal t o  a prese lec ted  i g n i t i o n  value. 
The quant i ty  a l so  contains cor rec t ion  terms t o  account 
for undesirable deviations i n  a l t i t u d e ,  speed, and 
s i t e  out-of-plane dis tance.  

Desired current  phase pos i t i on  vector  t o  be  achieved 
i n  t h e  GCS. 

Present spacecraf t  pos i t ion  vector  with respect  t o  
t h e  current  lunar  landing s i t e  defined i n  t h e  GCS. 

J 
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Symb ol 

RIGXG 

RIGZG 

- 
Rp 

TAUG 

TF 

TGO 

TG2P 

THPC 5 7 

THPC63 

THRMAX 

THRMIN 

THRTRM 

TABLE I.- SYMBOLS FOR POWERED LANDING 

GUIDANCE FLOW CHARTS - Continued 

Defini t ion 

Desired component of the  spacecraf t  pos i t ion  i n  t h e  
X d i rec t ion  of t h e  GCS at braking phase i n i t i a t i o n .  
Constant , required input .  

Desired component of t h e  spacecraf t  pos i t ion  of t h e  
Z d i rec t ion  of  t h e  GCS at  braking phase i n i t i a t i o n .  
Constant , required input .  

Present spacecraft  pos i t ion  vector  i n  terms of  t h e  
PCS. Constant, required input .  

T i m e  constant used t o  cont ro l  rate a t  which t h e  
desired descent ve loc i ty  i s  obtained during t h e  
v e r t i c a l  descent phase. 

Time of  current phase termination. 

T i m e  remaining between current  time and time of 
current phase termination. 

Transformation matrix which converts a vector  from 
t h e  GCS t o  the PCS. 

A DPS engine t h r u s t  value corresponding t o  about a 
fifty-seven percent t h r o t t l e  s e t t i ng .  Constant, 
required input.  

A DPS engine th rus t  value corresponding t o  about 
s ixty- three percent t h r o t t l e  s e t t i ng .  Constant, 
required input.  

An uneroded DPS engine t h r u s t  value corresponding t o  
the  m a x i m u m  t h r o t t l e  s e t t i n g .  Constant, required 
input.  

A DPS engine th rus t  value corresponding t o  minimum 
allowable t h r o t t l e  s e t t i n g .  Constant, required 
input.  

Thrust value used during t h e  t r i m  port ion of t h e  
ul lage and t r i m  phase. Constant, required input .  
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Symbol 

THRUL 

TIME 

TL 

TOLD 

TP2G 

TRMISP 

TRMT 

TTT 

TUL 

UAFCP 

-- 
UDXP, UDYP, 
- 
UDZP 

ULISP 

- 
I ULP 

TABLE I.- SYMBOLS FOR POWERED LANDING 

GUIDANCE FLOW CHARTS - Continued 

Definit ion 

Thrust value used during t h e  u l lage  port ion of t he  
Constant, required input.  ul lage and t r i m  phase. 

Current t ime, required input .  

Time at  which t h e  radius  vector  of t h e  desired 
landing s i t e  i s  defined. Required input .  

Value of time during t h e  previous pass through t h e  
descent log ic .  

Transformation matrix which converts a vector  i n  t h e  

PCS t o  a vector  i n  t h e  GCS. TP2G = TG2P T 

Specif ic  impulse of t h e  DPS engine during t h e  t r i m  
port ion of t h e  u l lage  and t r i m  phase. Constant, 
required input .  

Duration of  t h e  t r i m  por t ion  of  t h e  u l lage  and t r i m  
phase. Constant, required input .  

Time of braking phase i n i t i a t i o n  as determined by 
t h e  pre igni t ion  computation rout ine.  

Actual time t o  begin t h e  u l lage  p r i o r  t o  DPS ign i t ion  
as computed by t h e  p re ign i t ion  computation rout ine .  

Unit t h r u s t  vector  d i r ec t ion  t o  be he ld  during t h e  
ul lage and t r i m  phases, as determined by t h e  pre igni t ion  
computation rout ine.  

Desired u n i t  vector  o r i en ta t ion  o f  t h e  spacecraf t  
X-, Y- ,  and Z-body axes,  respec t ive ly ,  i n  t h e  PCS 
as computed by the  p re ign i t ion  computation rout ine.  

Spec i f ic  impulse during t h e  u l lage  phase. Constant, 
required input .  

Unit pos i t ion  vector  of t h e  current  desired lunar  
landing s i t e  defined i n  terms of t h e  PCS. 

J 
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i 

Symbol 

ur 

-- 
UXGP, UYGP, 
- 
UZGP 

VDGM 

- 
VG 

VIGG 

WDOT 

WMP 
- 

c 

' i  

XAD 

XISP 

TABLE I.- SYMBOLS FOR POWERED LANDING 

GUIDANCE FLOW CHARTS - Continued 

Def in i t ion  

Duration of  t h e  u l lage  por t ion  of  t h e  u l l age  and t r i m  
phase ign i t i on .  Constant, required input .  

Unit X ,  Y ,  and Z vec tors ,  respec t ive ly ,  of t h e  GCS i n  
terms of t h e  PCS 

Desired current phase te rmina l  ve loc i ty  vec tor  t o  
be achieved i n  t h e  GCS. 

Magnitude of  ve loc i ty  vec tor  t o  be achieved during 
t h e  velocity-following mode i n  t h e  v e r t i c a l  descent 
phase. Constant, required input.  

Spacecraft ve loc i ty  vec tor  with respec t  t o  t h e  lunar 
landing s i t e  defined i n  t h e  GCS. 

Des i r e d  magnitude of spacecraf t  ve loc i ty  vec tor  with 
respec t  t o  the lunar landing s i t e  at braking phase 
i n i t i a t i o n .  Constant, required input.  

Spacecraft i n e r t i a l  ve loc i ty  vector i n  terms of t h e  
PCS. 

Propellant f low r a t e  

Angular ro t a t ion  vector of t h e  moon i n  terms of t h e  
PCS. Constant magnitude, required input.  

Current spacecraft  weight. 

Difference between t h e  i n e r t i a l  ve loc i ty  of  t h e  
spacecraft  and t h e  r e l a t i v e  ve loc i ty  (with respect 
t o  t h e  moon). 
vector of t h e  moon and t h e  current spacecraf t  
pos i t ion  vector. 

Cross product of t h e  angular ro t a t ion  

Desired terminal acce lera t ion  vector t o  be achieved 
i n  t h e  GCS. Constant, required input.  

Current spec i f i c  impulse. 
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Symbol 

XISPO 
XISPl 
XISP2 
XISP3 

X J D  
- 

X K I G  

XKISP 

XM 

XRD 
- 

XTGO 

- 
XVD 

TABLE I.- SYMBOLS FOR POWERED LANDING 
GUIDANCE FLOW CHARTS - Concluded 

Definit ion 

Coeff ic ients  u t i l i z e d  i n  the  polynominal r e l a t i n g  
spec i f i c  impulse t o  ac tua l  t h r u s t .  Constants, 
required input .  To be supplied l a t e r .  

Desired terminal  j e r k  vector  ( f i rs t  time der iva t ive  
of acce lera t ion)  t o  be achieved i n  t h e  GCS. Constant, 
required input .  

Coefficient used i n  t h e  pre igni t ion  computation 
rout ine t o  increase t h e  r a t e  of convergence f o r  t h e  
so lu t ion  of t h e  braking phase i n i t i a t i o n  time. 

Constant term used i n  t h e  f i r s t  order polynominal used 
t o  simulate t h e  change i n  spec i f i c  impulse due t o  an 
eroding DPS engine nozzle. Constant required input .  

Coeff ic ients  used t o  sca l e  correct ion terms due t o  
deviations i n  spacecraf't a l t i t u d e ,  landing s i t e  
out-of-plane dis tance and speed, respec t ive ly  i n  
t h e  computation of braking phase i n i t i a t i o n  time. 
Constants required input .  

Current spacecraf't mass. 

Desired terminal  radius  vector  t o  be achieved i n  
t h e  GCS. Constants required input .  

Estimated time durations a l l o t t e d  for  t h e  s p e c i f i c  
phases. Constants, required input .  

Desired terminal  ve loc i ty  vector  t o  be achieved i n  
the  GCS. Constants required input .  

i 
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TABLE 11.- FBQUIRED INPUT 

( a )  S ta te  vector  

Symb 01 

RP 
- 

Value 

J 
i 

-- 
TIME 

VP 
- -- 

(b) Targeting 
- 
LP 

TAUG 

TL 

VDGM -3 rps 

Braking phase t a r g e t s  

Approach phase t a r g e t s  

- 
XJD 
XJD ( 1) 
XJD ( 2) 
XJD( 3) 

Braking phase t a r g e t s  

0 f t / s e c 3  
0 f t / s e c 3  

0.034336 f t / s ec3  
Approach phase t a r g e t s  

9592 ft 
o f t  

-33084 ft 
Braking phase t a r g e t s  

77-13 ft 
o f t  

-1.733 ft 
Approach phase t a r g e t s  



1 4  

TABLE 11.- REQUIRED INPUT - Continued 

( b )  Targeting - Continued 

Symbol Value De f i n i t  i on 

XTGO 
XTGO ( 1) 
XTGO(2) 
mGO( 3) 
XTGO( 4) 
XTGO(5)  

510 sec  P re ign i t ion  

510 s e c  Braking 
160 s e c  Approach 

33.5 s e c  U l l a g e  and t r i m  

20 s e c  Ver t i ca l  descent 

-158.8 OS 
0 fps  Braking phase t a r g e t s  

563.7 fps 

-3.1 f p s  

1 . 3  fps 
0 fps  Approach phase t a r g e t s  

( c )  Ign i t ion  computation 

RIGXG -130822.38 f% 
RIG2G -1437487.9 rt 
VIGG 5574 fps  
XKIG 1.0 
XKX 0.617631 n/ft 
XKY 7.55194392 x f % / f t 2  
XKV 411.41232 f%/fps 

( d )  Lunar constants  

WMP 

GMP 
- 

GOE 32.146546 f%/sec2 Earth constant  

( e )  Performance d a t a  

DELISP 2.8/410 

DELTHR 470 /410 

THPC57 5985 Ib 



Symbol 

THPC6 3 

THRMAX 

THRMIN 

THRTRM 

THRUL 

TRMISP 

TRMT 

ULISP 

UT 

WT 
XISPO 
XISPl 
XISP2 
XISP3 

TABLE 11.- REQUIRED INPUT - Concluded 

( e >  Performance data - Concluded 

VaLue Definition 

6615 lb 

9710 lb 

1050 lb 

1050 lb 

200 lb 

288 sec  

26 sec 

268 sec  

7.5 sec  

-- 

To be suppl ied later 

XKISP 306 sec  
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AIM POINT 

m = m - m  
TGO 

GFLAG = 1 
FLAG = 1 

J = PHASE + 3  -+ 
TGO = XTGO(J) 

JJ = 3 PHASE +I 
(FOR I = 1, 3) 

R[x: = XRL) (JJ) 
= jmb (JJ) 

ADc = XKD (JJ) 
= xJ[) (JJ) w GFLAG = 2 

TGO = I F  - T I M E  

ROUTINE 
c 

-4 

Flow chart 1.- Powerd landing guidance. 
Page 1 of 6 



LPM =I 
cP=tp+WMPx 

i l tP  =  UNIT^^ 
LPmtTIME- T L )  

LANDING SITE UPDATING 

C P = L P M . ~ , ~ ~ P  i T L  = T I M  

m=uLp 
E T R = W M P X @  

- WXR) * TG O}] 
m= mx GUIOANCETO PLATFORM MATRIX 

BGZP] = IPZG]  

t 

Q 
Flow chart 1.- Powered landing guidance - Continued. 

Page 2 of b 



TGO = ( 151 - L P M  - 15. ) /  151 
T F = T I M E  +TGO 

TGO COMPUTATION 

I 
1 

DELTGO = 

1- JDG(3) -TG03 +6.* ADG(3). T G 0 2  -[18,*VDG(3) 

+ b.*VG(3)].TGO + 24.*[RDG(3) - RG(31 1 / 
13: JDG(3)-TGO2 - U.*ADG(3)  .TGO + b 
[3.* VDG(3) + VGCS)] 1 

TGO = TGO + DELTGO 

DTC = ABS(TG0/128) 

NN = NN +1 

(-) 

T F  = T I M E  +TGO I 
b 

Flow chart 1.- Powered landing guidance -Continued. 

Page 3 of 6 

J 
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I 
J 

P THURST ACCELERATION COMPUTATION 

Flow chart 1.- Powered landing guidance - Continued. 

Page 4 of 6 

4 



20 

PREIGNITION COMPUTATION ROUTINE 9 

DTTT = -XKIG *QN/VG (3) 

T U L  = T F  
GFLAG = 4 

UDXP =UAFCP 
UDYP = U N I T ~ X  I- UAFCP) 

a RETURN 

Flow chart 1.- Powered landing guidance - Continued. 

B E  ADVANCED T O  ... 

* 

J 

Page 5 of 6 
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I 

WT = WT - WDOT ( T I M E  - TOLD) 
XM = WT/GOE 
TOLD = T I M E  

THROTTLE COMMAND ROUTINE 

FCTH = THRTRM 
XlSP = TRMlSP 

I 

I 

XlSP = X I S P 3  * FCTH 
+ XISP2*FCTH2 + XlSPl* 
FCTH +XlSPO 

! - I 

Flow chart 1.- Powered landing guidance - Concluded. 
Page of 

F C = X M * A F C  
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